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12, 1919 in iimington, 'entucky. ho attended Crofton itigh 
eho. 1, ^rofton, Kentucky, and rac.ua ted in 193&» ’Yoit 1937 
until 1941 Ve eao a student at the University of Louisville » 
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Jhefldcal r jigiiieorine froii that institution* iYoa June, 1941 
until i^y, 1942 ho v.as eit^lovoc as a chc.cist by the I» 
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Production of Hydro con 



I reproduction 

Hydrogen is used in the hydrogenation of coal -nd of 
animal, vegetable and mineral oils; in the syntheses of 
•a saonia, alcohol, and other organic chemicals; in tho induc- 
tion of purs ratals fro® ores; and in otlier cotajercial 
processes 0 

The process in which the Iiydrogen io to be u'-sod deter- 
mines the purity of the Iiydrogen required* In operations in- 

i 

volving catuly -cd reactions, which include icoct oh tl#» hydro- 
genation reactions and syntheses, the hydro* ei. t .at i«e fix:© 
of sulfur co ^pounds because sulfur coji*pourvh< ct >. r cat&lyst 
;-oison3. In lydro ©nation reactions involvi th* r* motion 
of c .rbonyl and car oxyl . roups, the presence of carbon no. - 
rd.de and carbon diccctcU in the hydro en ia relatively un- 
important, but in the reduction of ethylenic lii. ?•- - ►{ 

in the syntliesis of t . oniu tho hydro »*n r.usu . «* free of 
cerbon oicides. • presence of hydroc^rbur. ic- • , ouch as 
met la, e, is ro’ o jrctioi-dble in -<-at c« wt ul r fleets n 
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inefficiency of hydrocarbon conversion in steals—’ y&rocarbon 
proceo3ea for tl © manufacture of hydrogen. ‘lit® pre< encc of 
oxy. cr: ii. core than a fraction of one per c«. t i very 
objectionable because of tlie oxxLoaive hac&rd of - : ro,_en- 
oxygen mixtures. 

The need for hydrogen in quantity and of various d» roes 
of purity hf»s resulted in the development of o t -raj. procs es 
of producing; liydro 

y bout t 'ferity methods for quantity production of hydrogen 
have been proposed. Of the.se oethods, only a fe are eco- 
nomical enough for industrial use. The principal methods are: 
(1J The electrolysis of water 

^2) Liquefaction of coke-oven pas 

(3J Co/ plate falsification ox" solid carbonaceous 
£ttoriala, such as coal or coke., producirr 
carbon •cnoxi.Qe and hydro t en, rdth - sub- 
cel lent reaction of the carbon jaoroxide v*ith 
stca; to -roduce carbon dioxide l tS ..ddition- 
al liydro en 

. {it) oac-ion of saturated iydroc/.rbon -t= *ith 
steam to fori. . .ror.en and carbon 'ioxicu 
{5) It e mate oxi^ution ai.d reductio. ox iroi 

it! and • re*.ucin^ . s, *~c.. - »■ 

...tvr to produce hydro, i fro tl« «t-*^ • 
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Tho electronic of water is carried out by t*j® p ssage 
Ox an electric current through water containing either an 
alkali or, on aci d, with tho liberation o; hydro, en as ct t -e 

cvt ' ° e &nd °*v cn at tho anode ^ This proccs. U •concmicai 
only whore water pot* v is cheap. 

In the coking of coals, for each ton of coal coked about 
1 a,J 00 cubic feet of fas of the following iveroe c-aapesition 



.•re 



produced ; 



Component 


Per Cent by 


: ’ydrofen 


30 


if© thane 


32 


Carbon Konoxide 


6,5 


Carbon Dioxide 


2.0 


'itro;-n 


5.0 


Illuninant3 


4*0 


Oxygen 


0*5 



Volume 



"be coke-oven as io subjected to puriflc'tio' proems *e- 
to ru-s impurities, such cs C0 2 , H 2 S, FCM, 'v* uni 11, ;t oil., 
-r.' u«r is f recti orally liquefied to o'-tain i. -uro.en - d .r-c- 
tions of carbon roxide and hytiroc , . c r,on r < »n- 

oxide -4->i Hydrocarbon .re subject* to re.ctlrxi .it ate - 
to produo. ditto »1 hydro- . hydro- i o li*., in 



t'd# nnraxr - . by-product. 

et * -ir.n proc' is of re -Mcir. * • r %n is Cirri*- 
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out- in t*o at,. igec , •.'tern ia passed owr iron t te -Tseratui’es 
above 1200° oxidizi!^ t'no iron to an iron oxide and li er- 

itir.g hydro, -an* 71 i© iron oxide is reduced to iron by water 
gas, and is then steamed again, This is one oi the earliest 
methods of producing hydro jen and is still in uso for idling 
snail quantities of iiydrogen (less tf*an ldOO cubic feet por 
hour) , 

It io estimated that the quantity of hydrogen manufac- 
tured per month in the United States is 3 jx bi.llion and four 

billion cubic feat by the water-gas and hydrocarbon-steajn 

2 

proces.,os. respectively. 

The production of hydrogen from water gas and fros 
saturated hydrocarbon gases will be diocusso^ in this thesis . 



ator~Cas L’anufectur© Tor Hydrogen Production 



Carbon act./ rerct with Btean according to t * folio- - 
ing equations: 

(1; C if 2 0 ~ CO Ho 
W C 2 H 2 O = C0 2 2i! 2 

The reactions are endothermic and proceed only At elevated 
temperatures, The equilibriums of the tvo ro .'tio:.- i.re such 
that at toiqjei'utureA above about 1500° P, the- f oration of 
carbon monoxide is favored, wldle the fomution of carbon 
dioxide is favored by temperatures below 1500° » This is 

apparent from the equilibrium for the reactions 
(3) CO 1’ 2 0 = C0 2 lt2* 

The equilibrium constant for this reaction is defined ae; 



Kp =4^4 iLd, 

(ooniijc) 

't 1500 ° F., r p la 0.97 3 ; at 800° F„ L hat a 1 lue o i 11.9 3 . 
^he velocity of ’’.©action (.2) is so 3.ow -t to- • ft ires favor- 
in t t**» formtio.x of carbon di03J.de that it l* prr ctict 3 e 
^nd .action ( 1 ; -iot oe uood* 

The enerator for n ing ater ' s cor *!• t« oi a *te*i 
a loll, lined * it fimbric*., *lt: ; bj outlet • st. if «t 
connections rt top 1 **• ootto*, - nn ou sir 1a lea *»t t/«e , 

Coke ii> xCQ u.f-.- tically to ‘.*iiit in . fual bed of the .*•- 
-ire. depth | auli is ved *utciwtic*4ii * 



T«. coko ia 



, 



Ji 



' 




. 












irnitod and air is blown through the £eneratctr until the coke 



this operation ere led off as waste pas. fft^-r this te.' « nature 
is recched, the air supply is cut off and stcu-'. is introduced 
into the generator at such a rate that the stev is nearly 
all decomposed in reacting with the coke to fon.* ' - ter pas, 
which is collected by suitable means. This en^othemdc inaction 
reduces the temperature of the fuel bed in about five or six 
minutes* hen the temperature has dropped to about 1750° * * » 
steor inp is stopped and air ia blown through for <« bout two 
minutes to raise the temperature to 13 JO - 2000° P. a; ain by 
combustion of so ro of the coko, Tempc rat urea above 2000° F* 
result in excessive losses in carbon nonoxide, vhile tenper- 
atures belov 1750° F» result in excess carbon dioxide in the 
ater pao. 

One ton of coke produces about 60,000 cubic feet of 
water £< s of about tho following co r - position: 



is at a temperature of about 1300 - 2303° F. Tho i naes fro* 



Component 



er Cent . Volume? 



hydro, on 



50 - 53 



Carbon monoxide 



3? ~ 43 



Carbon dioxide 



3-6 



Nitro' +n 



0.6 - 4*6 



ethane 



0.2 - 0,3 



0 xyr*n 



0.1 - 0.2 



Julfur co » •’.un-.s 



Trac*o 
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Hydrogen from the Hater Gas - Steam eaction 

Carbon monojd.de and steam react under suitable conditions 
of temperature and concentration as follows s 
(3) CO K 2 0 = C02 M'Z* 

The reaction is endothermic at 68° 7,, requiring 5630 l.t.u# 
per pound col, so that it must be carried out at elevated 
temperatures. i t 700° F» the reaction is exothermic , liber- 
ating 16,500 3*t*u. por pound mol,3 Figure 1 shows the effect 
of temperature on the equilibrium constant 

K p * (002J(H 2 ) . 

(C0)(H 2 0) 

Table I shows the effect of temperature and initial con- 
centration of steam to carbon monoxide on tho amount of car- 
bon monoxide reacted at equilibrium as calculated from values 
of the eq\iilibriun constant. 
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Table I 



* 



Te.-^n rature r©rccnta~c of Carbon Monoxide *'jeacted ith 
°f, starting J'olar Ratios of tean to rbon 

ronoxide of: 





1:1 


2:1 


3*1 


5:1 


9:1 


932 


69.1 


07.3 


91.7 


95.4 


97.6 


842 


73*3 


90,0 


94.4 


97.0 


98,4 


800 


75*0 


91*5 


95*2 


97.5 


9^.7 


752 


77,5 


93.0 


96,4 


98.0 


99,0 


662 


62,0 


95.7 


97.9 


99.2 


99.9 


620 


8 4.0 


96.7 


98,2 






440 


91.8 


99.2 


99.6 






260 


97.5 


99*9 


99.96 







It can be seen tlvt low temperatures ^belo 2o0° *J f =?r 
tl^e mdcI ccrversion of carbon onoxido with the 1>*. st ij*ju 
of ste^ l8 .t lovr c >ir. turec, ic *vor ? the r*U o> *scti r 
r.f cj r. oi -.nccAci witt steam is so lo* a to b- i* j> ctica «, 
t terper f »t urs4 • wcee 750° 7 « the re-ction can .» c-.t^ly?.e'- 
to a practice 1* rut* , • ct the conversion is less C'v-’ s lete® 

t 

M.rio. c^tal *»t» i*.v .i cn proposed for .* i' cwrry- 
lV out t * '-it* r- ‘'-.ction to produce i /Cro* *#u ' uot i.*. 

tr-c j>-tert literature: 
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"L V nesiua oxide ia a catalyst for the carbon Jx>noxide- 
sto«a conversion and tisat in this as well as other reactions 
involving carbon raoncod.de or hydrogen in which it functions 
„ catalyticaily, it is insensitive to the poisoning influence 

of sulfur. 

The use of magnesium oxide as a catalyst in reactions 
involving carbon aonaxlde is especially advant eous in view 
of tho fact that it causes little or no deposition of carbon 
under conditions whero catalysts such as iron,, nickel arid 
cobalt become rapidly coated with carbon produced by decompo- 
sition of carbon ronoxide*"^ 

'•The activity of an iron group netal oxide as a catalyst 
for the production of liydrogon from carbon monoxide and ste'< 
may be greatly improved by incorporating with an iron ,roup 
jnvtal oxide a metallic oxide, for exon le ccpoer oxide or 
antimony oxide, inducible to tie «©tal under the condition** 
of the hydix> 0 en-n^irg operation, and fusing the djeture, 

Tire e--terial thus prepared, after suitable re*ru tion treat- 
*e*rrt, shows an Aaproved activity as a catalyst for the con- 
version of carbon n-noxide and steem and und«=»r nor- ^1 con- 
ditions remains -ctive for a long tixao. Its behavior - 
cat «ly- 1 is superior not only to that of fu ed iron . r«. 

did ’•» alone but also to that 01 - rdxture of iror gre .. 
arta! it* co "«*r or antimony oxide pi> , - red • :tl <*t fusion. 



. 



•iti mU toft Artffct*' t rJ * 

noUa^ U Ur t* -i ' *t H4< 4» < 

t»lwd £1 •*» Ai — If • 
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M A mixture of charcoal (or sust&ncos cont-lflng carbon) 
and a^ncaiuA carbonate, which is ioaintained t a ter ^rature 
above t>ie decomposition temperature of magnesium carbonate, 
but not substantially exceeding 500 ° C. n ^ 

n t or the cutalytical conversion of carbon . , noxide with 
steam there have b\>en proposed catalysts consisting of a mix- 
ture of ragnesiu. oxide, carbon, and alkali carbonate, pre- 
ferably/ potassium carbonate, .ith the aid of these very 
active catalysts the conversion of the carbon nonoxida 
proceeds even at temperatures belo 500° C. with useful 
velocities up to the point at which, practically speaking, 
complete establislicient of the equilibrium is attained, 'This 
results in the advantage that in large scale rorlcin, • a low 
residual carbon monoxide content, according to the temper: *ture, 
can be obtained • ithout une cona. dually high r.to. j- coni- . -rtiun. 
..hen . orfcing with these catalysts it is further «*.>so » . ■*! j1a 
to effect the conversion, without the dioadv. '+**9 of nc*>- 
.»ir>«ble secondary ro ctiona such «* in particular •« •-'•Itio. 
of carbo. and for- tion of methane, under tcs .are, 

at the te'i'xraturc <«t f*-vor»ble for t e cor raiof c. r «- 
nor oxide to c-roon dio*l ie and hydrogen, caio thus to e feet 
a caving in reaction •• *ce and steam consum tio , >.'< other 

cat- 1 ate, ;»d -«ur> particularly the kno n activated iro* 
oxi*.“ 0'.' lystii, u> used tl# se seco.-iury ructions set ii 
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clo- ly bo low £00 0 C* and rapidly roach an intolerable bc«\1© 

fi 

3 t e te , orator© falls, n 

"It has been found that tho efficacy at the favor *ble 
vorkink temperature belov 5 j 0° C* of the known thro^*-coiuponent 
catalysts inafnesium oxide-alkali carbonate-carbon is ,rJUs. ced 
to a very surprising extent by tho accessary elf ct of iron 
oxide in the original state of native iron ores, that is to 
say without beir^, brought into the state of finoly divided 
rtificial iron oxide, and that the above Mentioned native 
iron or^-s arc capable of producing this effect when used in 
such smli anounis that no deposition of carbon or ethane 
formation occurs oven when working under excess pressure an* 
at the lowest applicable teinporaturea . oroover, t} eso four- 
component catalysts also retain undiadfdshed tho poison-resi*t~ 
in£ properties of the known three-c opponent catalysts, '.re 
particularly in respect of the counonewt catalyst poieon, 
namely sulphur, in inor anic or organic combination. 

The catalyst for example Ivnve the folio"!, co* . po- 
sition: 

Ter Cent 



r,\j Cin the fox*» of calcined or 13 • 5 



caustic > *i-s .*d L^i’nesia) 




-e 2 G 3 (i ti fnr* of 'ror ore,) 


1.5 


otassiij. cej\» r '' we 


X • 


~rbon 


7' .0 
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t the topper' tures rcquir d for suitable catalyyet 
reaction velocities tie carbon nonoxide is inc. lei^uy con- 
verte< c.t the equilibrium co.Tpooitiori whe.. • toic «*Uic 
amount of steax is used, To obtain a hi*.. r oenversion >£ 
carbon monoxide and a purer hydro en one or - ore of toe follow- 
ing cathode cay be uoed: 

(1) doing stcun in excess of the Stoichiometric amount^ 

(2) rtemoving carbon dioxide ao rapidly as it is formed 10,11 

(3) Reacting in steps rith carbon dioxide rei^val at t*e 
end of ef ch step* 3 

Tie effect of using excess steam is shown in '"’able I, 

If hydrogen of high ; urity is desired tills process in not 
economical because of the very large quantities of j team 
required. 

The carbon monoxide can be completely co v ■<* > » r ~ 
aoving carbon oxide as the reaction proce s, ilci 

oxide is generally used for r%» ovirg the c rb i. Uio-iu* , 
te-f.^ .ui carbon • r.oxide . re p:> ?t:.! vur iim l 

% catalyst of the tyjm described a-ove t *« .re ■•“lo* 
ti*e dissociation t»' denature (1517° J\) of c- c- »- c. rb ou te 0 
Tie* a., rbon dioxide forced by the c-x‘ 0 1 '. ot»r*uacuk cojvrruioi 
react3 >itl th« li*#» to fori c-.lciu,. c. o •* follow*: 

C4J C* =Ca r 0,, 

cn -t* CO 1 .version, all of V<e r*. rl o« dioxldo 
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for;*»<l , .ust be reacted with an equivalent rnol r quantity of 
li,*<, ©o that in tl«e conversion process tiers u^t be e>..e 
ne* ..f irirqir unroacted line in contact it* the ..tor 
f& 3 and of discharging the calcium c »rbone.te, \ lei is eated 
to fon. calcium oxide again. 

The effect of carrying out the conversion in stu es dth 
removal of carbon dioxide at the end of each st ge is si own 
by the calculated values below, using one mol of steejk in 
each sta» e and starting with one mol of carbon nonoxide in 
t -> first sta 0 e. 

Stage Temperature ol Carbon J onoxide 

°?m Converted 

1. 600 *75 

2* 3 JO a *.21 

3 * soo *026 

*W 

it iv i»cn that t-e steam consumption for a give** -e r# of 
ecnVdraiori of caroon x.«ono-JLa* io an ie« loss in t . 



rt»cca -.n in .. sire 1© stage process* 
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Production of Hydrogen iron Hydrocarbons and Steam 



The reactions between saturated hydrocarbon gases, such 
as methane, ethane, or propane, and 3team have been found an 
economical and converdent means of producing hydro gen * The 
saturated hydrocarbons are tlie principal constituents of 
natural gas, coke-oven gas and waste gas from oetroleuM 
cracking processes* ” hero cheap natural gas i3 available, 
processes utilizing the steam-hydrocarbon reactions are the 
most economical methods of producing pure hydrogen in largo 
quantities.^ 

The reactions which occur are: 

(5) C Hj* 2 n&p * nCO {2xi 1)H 2 

(6) G n H 2n 2 2nII 2 0 * nC0 2 (3n 1)H 2 . 

Reaction (6) raay be considered as Reaction (5) followed 
by the water-gas reaction 

CO « CO 2 H 2 . 

These reactions are endothermic and mu3t b-: carried out 
at elevated temper- tures « In Figure 1, it e-u* ->e soen tlvi - 1 
tejaperatures above 1500° F. the equilibrium const sit 

t » (00) (h 2 ) 3 
(cj^)(h 2 0) 

is lar, e, ► o tlv.*, t •: • 1 uilibrium the methane must be nearly 
completely converted. 
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'’ctalysts mu3t be used to five a practicable r^te of 
reaction, fenna n utent .'o* 29o,&06 of 1V12 f cct'-l/ft 

of nickel or nic.iel avids on a refractory* a up; ert* . folloo- 
ing c^teri -1 on catalysts for t. v <o hydrocarbort-ste •• re.ctions 
is quoted from the patent literature: 

"Kickel alone even vdth the exclusion of chlorine a.-d 
other catalyst poisons is not very active for production 
of hydrogen by a reaction between stea, . and hydrocarbons at 
temperatures belo 700° C.,.* by the addition of »», pro. cters 
^ » •• cerium oxide, ,,, cl iromium oxide, «,» aluminum oxide 
tne catalytic behavior of nickel in this reaction can be ir im- 
proved to the extent that the conversion of hydrocarbons into 
hydrogen becomes practicable at temperatures :nt«rially belt* 
700° C,.». 'lie operation c<_r, be conducted «•» t her tea - 
erature.. 'ertain substances greatly decrot^<j or or , c^>* 

pletely inhibit t .e ctivity of nicx-1 c*tel,;'»te fo thit 
uui’po^e, jTjon/ sue substances ire the halo ens, iuc» . o 
chlorine, and ca -oundr Oa sulfur.* - ^ 

M ... i • corr-jound of nickel <rx ehro i .r oo -o sue 
nickel chrati V i more ctivi Cc.tc.lyst 1 ixturc of 
nickel ui.d cV rapid. o.vid*., Ai * 

^ The c t&lyst .--xJ i. ordinarily a mixture of nick-1 or 

1 k 

co it oxi - vdt » ulu L. - or thori^ n J 

m 

’ suitable •rtalyat.s :'or t>- reduction of hydro, rn 6» i*L 
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possOijG liigt activity -d gre - 1 physical strerrdih, and should 
shrink very little at tlio operating te perature 'x. , ixid«*s 

or rft.-ln of t.V, iron group, adetbood. r-iti, alurin- cud.de, form 
desirable catalyst* Calcium and magnesium oxides -.<• silio 
may be aacled to secure catalysts of greater strenrth at high 
temperatures, “hosphoric acid with alumin and nickol oxxdo 
produces a very active catalyst which shrinks v*>ry little at 
high tempo rat urea, * specially suitable catalyst is prepared 
from nickel oxides, magnesia and kaolin* 

The equilibrium eampositions in the methane-steam reaction, 
startb * with one ■ /)1 of methane and t**o mols of steer, h«wn 
been calculated for various temperature 3 and are given in 
Teble 11-^ on a dry basis* 

Table II 



Upuilibriua Co.Y>ositiono In '"h- * »thai»- t *• ct\ u\ 



Cow one nt 




Percent/* e 


Composition 










* 1340° r. 


1500 ° ?* 


1600 ° * 


l^j 1 * 


1 . 


H 2 


Cl 


73* 


76.1 


76.1 


73-9 


75.9 


C1 4 


^3 


1*0 


0.1 


Q*C4 


H 


* l 


CO 


4 


j* 1 1 *— 


17.1 


17*7 




'3.7 


&», 


11 




4*7 


<+ » i 


J * 


3o 
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From a study of equilibrium data for the hydrocarbon- 
s tea- reactions, it can be seen that the m£udx'iUn yield of 
hydroge can i>e obtained by one or rjore of the following 
met} .©ds : 

(1) Reacting at temperatures favoring the 
formation of carbon dioxide and using 
steam in excess of the stoic! donetric 
amount 

(2) Reacting at tersperatures favoring the 
formation of carbon dioxide and remov- 
ing the carbon dioxide as rapidly as it 
is formed 

(3) Reacting at temperatures favoring the 
formation of carbon nonoedde and then 
converting the carbon monoxide as 
previously described. 

The processes using excess steam are not as economcal 
and do ot give as high conversion of hydrocarbons as other 
processes. The reaction is generally carried out usix, a 
10 to 1 to 15 to 1 volume ratio of steam to hydrocarbon, 
temperatures belv bout 1300° F, and pressures of from 1 to 
50 atmospheres, dthO'i« > low pressures favor the ©inversion 
of iydrocarbons, hi,*h pressures may be used to reduce heat 

losses , 17 * 1 ^ 19 ; 20 



. mtd u** mm m a if i>i <*« 

,. • • « •- 




... * . * •• •: • •• . . 



*- « . • 

. • 







*'roce«w»3 b.socl on the re: -oval of caroon di.03d.tir is rap- 
idly ^ formed described in tie patent Ht»»r.ture* The 

pro act frafo th-'so processes contains at ie,. t i> u , -.r ccrt 
11 12 

rseth -.'e. 9 The author has found no references in t* s 

technic-. 1 literature on the coi?snsrciftl application ov these 
methods * 

Hie processes involving the reaction of hydrocarbons with 
8teuA at temperatures above 1500° F« to form carbon xaoriaxLde, 
with tl*e subsequent conversion of the carbon xnontod.de at ternp~ 
e rat 'ire 3 below 900° F», are capable of producing hydrogen 
of hii.h purity more economically than can other hydrocarbon 

conversion processes* / plant with a capacity of 13 .>000,000 

nn O'i 

cubic feet per day has been described, * 

A /aixture of equal parte, by volume, of as • nd ctam 
at atmospheric pressure, passes downward throu<. vertical 
alloy-steel tribes packed -with a catalyst of the nid^l type * 
Tne tubes, about 25 f-ct long .. jd 6 inches in diar»t-er, are 
pi >Cv y* in t'.<o rows in a refractory-iimd frw ee a:* 1 are 
sjppw 2 *tTd t ti«Ir to s. The furo c- is tec*.-; 1 s burn- 

ing at the top ->f the fumaco »nd bett. n t r of tubes, 1,0 
Hie natural • .t e*r, flonii^ do »• rd through the tun s 

at 9f- c«» v^locit 0 4 \ y." v k*3 of hydrocarbon ,\*e ,<-r 

.r,ir -r r r ol ■ f . 1 r at, <* • ct nearly completely /». 

1* vr • 4 oe of h# tubes »»t ibo«t 175o° . witn about ttv* 
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f o3_ o rin composition i 

Comp'nent !>r 'Vnt 

( ;y n asis) 

Kytlroi c 73 „ 

Carton aonoxide 15, 

Carbon ilicsd.de 10, 

'ethane 3., 

Uitropen 1. 



fter tliis reaction, ix>re stean is ad.: d and the e<*rbon non* 
oxide is converted to carbon dioxide at about f'50° r. by a 
catalytic eater-gpui reaction, Tlie resulting gat mixture, con- 
taining about 78 per cent iiydrc-en, 20 per cent carbon cliaxid- , 
and 2 per cent unconverted methane and carbon moncccide, is t -* 
cooled with uter in coke~pnckod towers, compressed to 
po nds per : uuro inch •. td scrubbed in • b-iV< tm tJv a 
i jonoetlusuiol^ •oluti.n to r»*icw '-orb or 
prod.ct -s tvhout tlie follovjuit c.>- r o«« Ltioti r 

Co-a*jM—.t r »it 



' - 

- ~Tu(J ■ * e 



■ ethur* 
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pc -'©vj- for t .© production of pur© hydrogen, utilising 
t*^ } yurocaraor.-stew reaction idth the sube^ ue..t conversion 

•3 

of Carbon xaonoxide, has been developed. Tldo proc«oO 
coranercial propane as process material and as fuel. 

ropan© vapors s heated to about 700 ° ., are passed ov-r 

over bauxite or cetallic oxide catalysts for the conversion 
of organic eulpnur compounds to hydrogen aulp.dcie. The v-*por 
is tlien cooled and scrubbed with a caustic solution to re ove 
the hydrogen sulphide. 

The sulfur-free propane is rixed with steasn and passed 

23 

downward over the catalyst in the tubes of a Ghapl* igh 
furnace. This furnace consists of catalyst-filled nic»c»l- 
ciiroaduo-iron alloy tubes placed vertically and s : t «rt« J 
at their tops in refractory-lined shell. Cas burners are 
placed in the furnace tangent! Hy to tl e all’ s* tt^t t -? 
C(*. »^tion g'.ses are given spiralling up-tHjri aotioi. aro* s: 
cue tubes and alo. the furnace ^-lls. it * this furnace, 
t ; • cv **lociti»*- of about 600 vol s oi hydroc rbon per <our 
per vol »* of ca ■* iyvb -re attained *»it t«; •rst , rti* 
about I6u0° • in ti« reaction ..iea, 

Thevte re-cti <*es, cooled to oboit 7 lO° . >dt» «. *.• - s 
jiX- • . *«*ed over c — , -t cpoc* velocities of llv o« a r* 

TKxham* of QMtai mokIAo ujflregan ier */ar por 
j x aLi L/ it, or Gatnereion <: t>m c rbou .•x.idk to . 
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. • - -. . « ' * j ..... 
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«n +~~d t+l 



1 



diaxld**, ‘XI * tio' the co.o wtec* i* co -nu 4 

«. J t*»e att ocled to .boat 2 £>j 0 /. «1 th? 4 )^ 

: sera '.4r w '/• - r *n dioncu •» 

ia carb .n dioxide Lj -boor’>ed b/ 6cru 1 , Ia *. dilu- 
tion of 15 to 20 ;cr cent cX • lonoetharjolaj^. jw 4 » XWr 

ecruhhirv y tW rr a contain.: about one per cert od ‘bo. <*n- 

oxicie vi tic i io ram reel ir two nore stnj-oa oX - : - .>nox.ido 
r^nver^ion and c* rben dioxide removal. 

Tie hydrogen produa#<5 by this proce.«o u ,;....t tbe XoHou- 
in • cc*r veil on : 



:orpc»ner.t 


i'ar Tsn 


hydro*. »n 


99.9& 


etl *-n© 


o» L 


.rbon ■ iioxi.d® 


0. 


> . i >..ox±d« 




itro • 


0. 7 


xy an 


1 1 .CO . 



Conclusions 



Tho hydrocarbon-steam process provides the noet economical 
arid convenient neons of producing hydrogen in tiie rdtad states. 
It has been developed to such an extent that it is used almost 
exclusively in new installations, 

'ukAu tte advantages of the process are t continuous and 
autocat i c operation resulting in rininufa labor costs; Idfh 
purity of ydro, en obtainable; and simplicity of rechanical 
design* 
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